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Introduction to AIS

Automatic identification systems monitor ship traffic for the purpose of improving

safety of navigation worldwide. These systems also provide coastal planners with
insight into marine transportation patterns over long periods of time.
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The AIS Data Handler

 To make these data more accessible to users, the AIS Data Handler website
provides software and ready-to-use data for coastal planners.

* The AIS Data Handler can be used to perform quality-control checks on the raw
data, query the data to meet particular user needs, and analyze the marine
transport patterns in a given region.
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AlS Data Handler Website

* http://marinecadastre.gov/ais

Partnerships Maps and Apps Support

AIS Data Home AlS Data

. .
° Automatic Identification System (AIS) data are information collected by the U.S.
i D OW n I O a d S ava I I a b I e to t h e p u b I I C . Hawaii & Alaska Coast Guard to track real-time vessel information such as ship identity, purpose,
course, and speed, primarily in coastal U.S. waters. However, the data set
West Coast featured on this website is the 2009 archived AIS data set intended to be used by

A I S Data H a n d Ie r Arc M a p Ad d _ I n - . ﬂsrgc‘enafzrﬂaar:\;:g ‘::‘osr‘v;n;;‘l:xty t‘u better undelsta(jd vess‘el t{afflc p?llerns For

Gulf of Mexico
The AIS Data Handler

AIS Data Handler Pre-Processor A e

Request Access acquisition, loading, filtering, display,
and analysis of AIS data with its collection of

A I S Data M eta d ata data conversion tools and an ArcGIS add-in.
The data and AIS Data Handler are
Downloads (version 1.0) accompanied by supporting resources,
including metadata, and a tutorial for

AIS Data Handler Source Code (for developers) e andtr Tt o processin A recors.

A I The AIS Data Handler and accompanying databases were developed as part of the
. . Multipurpose Marine Cadastre project by the NOAA Coastal Services Center and the
A I S Tuto rl a I (t h l s d OC u m e nt) g Ha r Department of the Interior’s Bureau of Ocean Energy Management. Original source
data were acquired from the U.S. Coast Guard's National AIS Program. The data
A handler is designed to support the ocean planning community by generating
H H synthesized products to better understand patterns of marine transportation and
AlS Sample Data for the Miami Port Area B e e
developers
AlS Data Handler Database: This archive of AIS data originates from U.S. Coast
Guard land-based receiver stations. The database contains records for U.S. coastal
waters for calendar year 2009. Records are filtered to 1 minute and formatted in
zipped, monthly file geodatabases by Universal Transverse Mercator (UTM) zone.
View the inde UTM zones for an area of interest. To download AIS data
please request a £

 For an account to download data, el A b e D el

filter raw AIS log files and an add-in tool to load the data into a file geodatabase.

AlS Da@ Handlgr Add-In: This add-in tool extends ArcGIS with new functions to
request a user name and password Sl e L e
Pre-Processor.

b . I . System Requirements:
y e | I I a I . Operating System: Windows XP, Vista, or 7 (32 or 64-bit)

ArcGIS 10.x - full Arcinfo license required for relationship class functionality
Spatial Analyst - for density grid functionality

nos.csc.aisdata@noaa.gov Other Resources

Lane, B. AIVDM/AIVDO AIS Message Parser. Accessed November 2010 at
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Data Access: AlS Data Handler Website

To download data: MARINECADASTRE.GOV

Home About

* http://marinecadastre.gov/ais

* Choose your area of interest
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Data Access: AlS Data Handler Website

* You will be redirected to a table
of datasets, organized by month
and UTM zone for that region.

e Select a dataset for the
timeframe and UTM zone of
interest (datasets range from 100
MB to 1.5 GB) by clicking on the
download link and entering your
user name and password.
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AIS Data Structure

File Geodatabase (FGDB) Structure

* An Esrifile structure that can efficiently store large amounts of data and is
contained within a single folder structure for manageable access.

* All data processed with the AIS Data Handler must be in FGDB format (tools
are provided to process raw data into this format).

* FGDB’s are subset by month and UTM zone to account for file size.

* Voyages were created using unique combinations of vessel IDs, or MMSIs
(maritime mobile service identities) and destination values.

Relationship Class
* A method of linking data tables using common attribute values.

* The AIS FGDBs contain two relationship classes linking the Broadcast feature
class to the vessel and voyage data.



AlS Data Structure

25l ArcCatalog - ArcView - en\GISData_General\AIS\CoastGuardDemo’SampleFGDE\Zoneld_2009_06_Orig.gdb
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Voyage Table

Voyage ID
Destination
Cargo
Draught
ETA

Start Time
End Time
MMSI

BroadcastHasVoyage

Relationship Class
Key = VoyagelD

AIS Data Structure

Broadcast Features

Speed Over Ground
Course Over Ground
Heading

Rate of Turn
DateTime

Status

MMSI

Voyage ID

Receiver Type
Receiver ID

Vessel Table

MMSI

International Maritime
Organization

Call Sign

Name

Type

Length

Width

Dimension

Components

BroadcastHasVessel

Relationship Class
Key = MMSI



BroadcastHasVoyage (¥ J&——
e
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A
Voyage a
Feature Class

Fields

@ OBIECTID
Vv SHAPE

¥ VoyageD
© Destination
@ Cargo

© Draught

9 ETA

© StartTime
@ EndTime
@ MMSI

© SHAPE_Length

Feature Class

|=| Fields
v OBJECTID
© SHAPE
¥ S0G
@ coG
¥ Heading
@ ROT
¥ Date_Time
@ Status
¥ VoyageD
© MMsI

BroadcastHasVessel 3
2R

(cargo

Coced Vahuz Domain

Not Available (0 - 9; 20; 30 - 40; 50 - 60; 70, 80, 90)
Reserved for future use (10 - 19; 25 - 28; 45 - 48; 65 - 68; 75 - 78; 85 - 88; 95 - 98; 200 - 255
Carrying DG, HS, or MP, IMO hazard or pollutant category A (21,41, 61, 71,81, 91)

Carrying DG, HS, or MP, IMO hazard or pollutant category B (22,42, 62, 72, 82, 92)

Carrying DG, HS, or MP, IMO hazard or pollutant category C (23,43, 63, 73, 83, 93)

Carrying DG, HS, or MP, IMO hazard or pollutant category D (24,44, 64, 74,84, 94)

No additional information (29, 49, 69, 79, 89, 93)
Reserved, for regional use (100 - 199)

»,
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A )
Broadcast A

¥ BaseMMSI

\

Vessel

Table
= Fields
0ID
MMSI
Mo
CallSign
Name
Type

Length

@ Width

LR R o

< <€

< <€

+| Indexes

AIlS Data Structure

(status
Coded Value Domain

Under way using engine (0)
At anchor (1)
Not under command (2)
Restricted maneuverability (3)
Constrained by her draught (4)
Moored (5)
Aground (6)
Fishing (7)
Underway sailing (8)
Reserved for future amendment of navigational status (8-10)
Reserved for future use (11-13)
AIS-START (active) (14)
Not defined (15)

»

(Vessell'ype
Coded Vahue Domain
Not Available (0-9)
Reserved forfuture use (10- 19)
WIG (20 - 29)
Fishing (30)
Towing (31)

Engaged in dredging or underwater operations (33)
Engaged in diving operations (34)

Engaged in military operations (35)

Sailing (36)

Pleasure craft (37)

Reserved forfuture use (38- 39)

HSC (40 - 49)

Pilot vessel(50)

Search and rescue vessels (51)

Tugs (52)

Port tenders (53)

Vessels with anti-pollution facilities or equipment (54)
Law enforcementvessels (55)

Spare-for assignments tolocal vessels (56 -57)

Ships according toRR Resolution No. 18(Mob-83)(59)
Passenger ships (60-69)

Cargo ships (70 -79)

Tanker(s) (80 - 89)

Other types of ship (30 -99)

Reserved, for regional use (100 - 199)

Reserved, for future use (200 - 255)

Towing and length of the tow exceeds 200 m or breadth exceedsg

Medicaltransports (asdefined inthe 1948 Geneva Conventions 3

»
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AlS Voyage Creation

Voyages are defined using a combination of vessel destination and ETA (estimated time of
arrival) updates as follows:

Message Type=1,2,3,180r197?

NO

—>

¢ YES

Message Type =57

MMSI has a voyage in internal
hash table?

¢ YES

&NO

MMSI has a voyage record in
internal hash table?

Add voyage for the MMSI to
internal hash table

¢ YES

MMSI = 11930467

¢ YES

Destination already exists for this
MMSI ?

¢ YES

ETA is the same as the existing
destination ?

NO

ADD VOYAGE RECORD TO FGDB
VOYAGE TABLE

NO a Destination is the same as the
previous destination ?
¢ NO
ETA is the same as the previous
ETA?
NO




AIS Data Confidentiality

Four fields in the logical AlS data record have been identified as confidential
information by the U.S. Coast Guard:

* MMSI
« IMO
* Call Sign

e Vessel Name

The MMSI record values have been encoded to mask the vessel identity. The
International Maritime Organization (IMO), Call Sign, and Vessel Name have been
removed. This modification to the data pertains to the 2010 data and not to the 2009
data. U.S. federal government users of these data may request access to decode the
MMSI values for official use only.



AlS Data Handler Add-In

The AIS Data Handler is an ArcGIS Desktop Add-In that allows users to display, clean,
filter, and analyze the AIS data extracted from the AIS Data Handler website.

Cleaning tools allow users to read, edit, create, and delete records based on a set of
rules involving spatial, temporal, and attribute properties.

Filter and query tools allow users to subset data in space, time, or by attribute for
further analysis.

Analytical tools include the ability to create derived products such as vessel tracks and
vessel densities and to calculate summary statistics for the AlS datasets.



Installation of AIS Data Handler Add-In

Step 1. Download the AIS Data Handler from the website
(http://marinecadastre.gov/ais) by clicking on the AIS Data Handler ArcMap
Add-In link and following your browser’s instructions.

Step 2. Once downloaded, double-click on AlSDataHandlerSetup.exe to install. In the
installation dialog, click the Next button to accept default installation
parameters and Finish to open the ArcMap customization instructions. Steps
3 through 7 provide an overview of these instructions.

Step 3. Open ESRI ArcMap 10.0*

* This Add-In application ONLY works with ArcMap 10.0; version 9.3 is unsupported.
Use of an ArcEditor- or Arcinfo-level license is strongly recommended.



Installation of Data Handler Add-In

Step 4. In ArcMap, choose the following:
[5a]

e Customize (on task bar)

e Customize Mode

e AIS Data Handler (under “Categories” in
the left column)

@

Elle Edit Yiew Bookmarks [Insert Selection Geoprocessing

Opgds BB x| 90| b

Y

Table OF Contents

Eoc8 E
E]. ..
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3 H-0 8 075
nx
5b

[Sb]
« Commands (middle tab) [5c]

[5d]

iCustomize | Windows EDC  ©Qimap  OCilmapland  Help

Toolbars

Extensions...

Add-In Manager..,

»

SED P 2 AEE .,

Step 5. Drag the “AIS Data Handler”

from “Commands” in the right
column onto a toolbar in ArcGIS

[6]

Step 6. Close the customize window

Cuskamize Made. ..

Style Manager. ..

ArcMap Options. ..

5d

Customize

Toolpars | Commands | Options 6
shaw commands containing:

Categories: Commands:

30 Analyst

3D Analyst Tools

30 View

Adjustment
Advanced Edit Tools
A15 Data Handler
Analysis Tools
Animation

Applied Science Associates
Arcils Online

ArcOhjects Tools

Arcscan

ArcToolbox -~
AEA Timehiden i

| | ws  AIS Data Handler

+ Create An Analysis Area

Keyboard. .. H Add fram file... H Close

>
*OG|00 | 20y ﬂ

Bopeed o]

yaleas ﬂ
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Installation of AIS Data Handler Add-In

Step 7. Load AIS data into ArcMap from a File Geodatabase by pressing Add Data
button (to begin the Broadcast feature class and Vessel and Voyage tables

should be loaded; relationship classes are not added as layers to the map).

( Add Data o |

Lookin: L3 Zone19_2009 06 Orig.adb v | 4& fy (| Eiv| £4| B O @

AttributeUnits
==|BaseStations

% BroadcastHasVessel
%BroadcastHas‘u‘o)rage
%V{‘_‘&El

£ Voyage

Name: Broadcast; Vessel; Voyage

Show of type:

Datasets and Layers v‘ I Cancel I

Step 8. Press the AIS button to open the AIS Data Handler dialog.

AlS Data Handler Walk-Through
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Installation Files

Fioname  lDesgion

SandDock.xml
SandDock.dll
Gigasoft.ProEssentials.xml
Gigasoft.ProEssentials.dll
ESRI.ArcGIS.Desktop.AddIns.dll
AlSDataHandler.tlb
AlSDataHandler.esriAddIn
AlSDataHandler.dll
AlSDataHandler.mdb
Clean_FeatureClass.py
Clean_Table.py
filter_fortrackgen.py

PurposefulMotion.py

AlS Data Handler Walk-Through

Form rendering configuration file

Form rendering controls

Graphing configuration file

Graphing controls

ESRI desktop Add-Ins classes

Type library to deploy com components from C#
AIS Add-In installation file

AIS Handler Interface and Functions

AIS configuration file

Functions for cleaning broadcast
Functions for cleaning vessel and voyage
Filter functions

Purposeful Motion track generation

17



AIS Data Handler: Sample Work Flows

AIS Data Handler Walk-Through
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Subsetting Data

AlS datasets can be very large, and process times can often run in the range of
several hours.

Consider working with a sample of Broadcast records (under 1,000,000) to develop
your methods and workflows. Use one of the following native ArcGIS tools to make
your sample:

e System Toolboxes > Editing Tools > Erase Point
* An edit session

» System Toolboxes > Data Management Tools > Features > Copy Features (with
geoprocessing (GP) extent set)

* The Copy Features command will require new relationship classes to be built
for the new feature classes and tables, and the Erase Point command can take
many hours to reduce a 12 million record set to 1 million.



Subsetting Data

When subsetting data, it is important to preserve the relationship classes
between the Broadcast feature class and the Vessel and Voyage tables.

The easiest way to preserve the relationships is to delete data directly from
the existing feature classes in an edit session (this may take a long time for
larger datasets).

To create copies of related data, use ArcCatalog to select all participants in the
relationship, including the relationship class itself, and use the copy/paste utilities
in ArcCatalog.



The AIS Data Handler Interface

The AIS Data Handler is divided into five functional areas, each with multiple tools.
This tutorial will explain the purpose of each tool.

Input Data

Layer: |:| Zone19_2005_06_Test.gdb\Broadcast

[ ] Clean MMSI Length and Country Codes
[ ] Clean Status Entries
[ ] Clean Speed Over Ground (30G) N Tool
[ Clean Number of Reparts Per MMSI Selection
TOOI Boxes — ["| Remove Duplicate Entries
[ | Remove Broadcast Data Without Static Records
Note: The

available tools
will vary based
on the type of
Output Suffix: _ input data
- selected.

Output Data -

AlS Data Handler Walk-Through



Clean Toolbox @{ Font

Some of the data broadcast via AlS is updated automatically (e.g. position, time, speed, and
heading), and other records are operator provided and therefore subject to human error.
Operators may not understand how to define parameters correctly, may not update time-

varying parameters with enough frequency, or may disregard the importance of providing
accurate information.

Users of AIS data may not be able to properly characterize messages with incomplete vessel
or voyage information and therefore may want to remove this information from the dataset.

The Clean Toolbox allows the user to eliminate data from an AIS dataset that does not meet
quality control requirements. This toolbox consists of 14 individual tools, each of which can

be applied to some or all portions of the individual dataset (i.e., Broadcast, Vessel, or
Voyage information).



Clean Toolbox @{ Font

Clean tools can be applied individually or batched together depending on user
preference. Batch-clean operations will be significantly faster than running sequential
individual operations in because the AIS dataset is only read once for a batch operation.
When records are discarded from one dataset, related records in the other tables are
also discarded.

When a clean operation is applied, copies of the dataset, the related tables, and the
relationship classes are also created and records are removed according to the cleaning
operations selected.

Note: Maintenance of relationship classes during cleaning operations requires an
Arclnfo license.



Tool Overview: @( Clean

Cleaning Tools by Data Type —

Clean MMSI Clean MMSI Clean MMSI Clean MMSI
Length and Length and Length and Length and
Country Codes Country Codes Country Codes Country Codes

Clean Status Clean Vessel Clean Voyage ETA Clean Voyage ETA
Entries Name Entries and End Times and End Times
Clean Speed Clean Vessel Clean Voyage Clean Voyage
Over Ground IMO Entries Cargo Entries Cargo Entries
(SOG)
Clean Number Clean Vessel Call
of Reports Per Sign Entries
MMSI
Remove Clean Vessel
Duplicate Shiptype Entries
Entries
Remove Clean Vessel
Broadcast Data Dimensions
Without Static
Records
Remove
Inconsistent
Static Data

AlS Data Handler Walk-Through
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Tool Overview: %(_ Clean

Clean MMSI Length and Country Codes

Tool Description:
A maritime mobile service identity (MMSI) is a nine-digit number used to uniquely
identify a vessel. Base stations also have MMSiIs, which should consist of seven digits.
The first three digits of all MMSIs consist of maritime identification digits (MID)
which are used to identify the region and country of origin of a ship.

While these MMSI numbers are vessel and base station specific, they often are
invalid in that they do not consist of the appropriate number of digits. This tool
removes all entries that do not have the appropriate number of digits or that do not
have valid MIDs.

Applicable Datasets:
Broadcast, BaseStations, Vessel, Voyage, Tracks



Tool Implementation Steps:
Clean MMSI Length and Country Codes

1. Select the desired AIS input dataset 4. Select data by the country of
origin in the pop-up Country Code

2. Check the Clean MMSI Length and Options Box
Country Codes box

Agdelie Land (French Southern Territories)
Afghanistan

[¥] Alaska (State of)

Albania (Republic of)

Algeria (People's Democratic Republic of)
American Samoa

Andorra (Principality of)

Angola (Republic of)

Anguilla

Antigua and Barbuda

1 émavg Duplicate Entries Argentine Republic

s 7 Aruba
Remove Broadcast Data Without Static Record Ascension |sland

Australia
Austriz
Azerbaijani Republic

[¥] Azores (Portuguese isles of)
i | m

6. Press Clean
3. Press Options

(will appear when 5. Define the suffix of the subset data to be output (will not
box is checked) overwrite original data)

AIS Data Handler Walk-Through
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Output Overview:

Clean MMSI Length and Country Codes

Original
Dataset

Table =

ERAR ML RN
Broadcast \ x
| ow* | shape* J mmsit | 506\ €06 | Heading | ROT |||

F90754 |Poirt a5 a1 128 =
£94386 |Point b |
£94457 |Poirt
B97636 |Poirt
£98677 |Poirt
777708 |Poirt
786189 |Point
786756 |Poirt
111}
1 b

93 =11 128
92 211 128
a0 211 128
91 211 128
35 211 128
323 11 128

oo oo oo oo
—
X

I3 .

14 ) 322 511|128 [+
2]
H 4 =l c(tof 391004DSe>cted)

S
AlS Data Handler Walk-Through

Points that did not
satisfy the
requirements are
removed, as is
evident on the map
and in the tables.

Processed
Dataset

Table

Yar south. L.

3]

ERIRERL LA RN
Broadcast_ X

oin* | shapef | MmsI* | \06 | COG | Heading | ROT ||~
| 2712358 [Pairt 775324000 2| 44 43| 15| =]
| 2713018 [Pairt 775324000 47 38| 25
| 2714197 [Pairt 775324000 a7 o o
|| 2715420 o 775324000 43 3| o
|| 2715775 o 775324000 45 42| 24
» | 2716158 |Poirt 775324000 I R
| 2716716 [Pairt 775324000 44 o 0
| 2716813 [Pairt 775324000 45 44| 241 [[]
:< il B

| (@ 0‘ of 3396501 Sebcted)

—
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@i Clean

Tool Overview:

Clean Status Entries

Tool Description:
The navigational status of a vessel is conveyed in each position report through one of

15 codes, which include “under way using engine” (code 0), “at anchor” (code 1),
and “fishing” (code 7).

User error may cause an invalid navigational status to be included in the position
report. This tool removes all entries with invalid navigational status codes.

AIS Data Handler - Versig

Applicable Datasets:
Broadcast

Layer: |:| Zonel19_2005_06_Test gdb\Broadcast

|:| Clean MMSI Length and Country Codes

Clean Status Entries

|| Clean Speed Over Ground (S0G)

|| Clean Number of Reparts Per MMSI

|| Remove Duplicate Entries

|| Remove Broadcast Data Without Static Records

Output Suffix:

28
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Tool Overview:

Clean Speed Over Ground (SOG)

Tool Description:

%«_ Clean

In each position report, the speed of the vessel is conveyed and is reported as speed
over ground (SOG). Errors in dynamic data such as SOG are possible due to faulty
GPS or AIS transmitter equipment. This tool allows the user to define lower and
upper thresholds for the speed over ground category.

Many types of analyses are directed as moving vessels; for theses situations, it may
be useful to remove SOG values of 0. Removing these values is particularly useful for

density grid generation.

Applicable Datasets:

Layer: L:I Zone19_2009_06_Test.gdb\Broadcast

Broadcast

["] Clean MMSI Length and Country Codes

[~ Clean Status Entries

[V] Clean Speed Over Ground (SOG)
Lower Threshold (knofs) 0
Upper Threshold (knots) 100

[ "] Clean Number of Reports Per MMSI

|| Remove Duplicate Entries

-+
—— Aggregate

|| Remove Broadcast Data Without Static Records

Help

AlS Data Handler Walk-Through

Output Suffix:
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@(_ Clean

Tool Overview:

Clean Number of Reports per MMSI

Tool Description:
MMSI values are transmitted multiple times per minute. Therefore there are

typically many records tagged with a single MMSI in each dataset.

In some cases there may be very few records with a particular MMSI, especially if
the vessel remains far offshore and its signal is not always recorded. In this case, the
user can eliminate any vessel from the dataset which does not have greater than the
specified number of reports.

Appl icable Datasets: Layer: [<] Zone19_2009_06_Test.gdb'\Broadcast
BrOGdCGSt [] Clean MMSI Length and Country Codes

[7] Clean Status Entries

|| Clean Speed Over Ground (S0G)

Clean Number of Reports Per MMSI
Minimum Mumber Of Reports 10

|| Remove Duplicate Entries

|| Remove Broadcast Data Without Static Records

Output Suffix:

30
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%«_ Clean

Tool Overview:

Remove Duplicate Entries

Tool Description:
Land-based receivers record the broadcasted AlS information. Depending on the

location of the vessel, more than one receiver may record the same position report.

Duplicate data points may affect further processing of the AIS data, and it is
advisable to remove them. This tool removes all duplicate position reports.

Applicable Datasets:
Broadcast :
Layer: |:| Zone19_2009_06_Test gdb\Broadcast

|:| Clean MMSI Length and Country Codes
[7] Clean Status Entries

|| Clean Speed Over Ground (S0G)

|| Clean Number of Reparts Per MMSI

Remove Duplicate Entries
[ ] Remove Broadeast Data Without Static Records

QOutput Suffix:

AlS Data Handler Walk-Through
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Tool Overview:

Remove Broadcast Data without Static Records

Tool Description:
MMSI values are included in both position messages and in static data reports. A

clear picture of the ship’s purpose and movements therefore cannot be attained
without both message types.

It may be desirable for some users to ensure that they are only dealing with vessels
that are broadcasting both position and static data reports. This tool allows the user
to remove position reports that don’t have corresponding static data reports.

Ap pl icable Datasets: Layer: [*] Zone19_2009_06_Test gdb\Broadcast -

Broadcast |:|Clean MMSI Length and Country Codes

["] Clean Status Entries
|| Clean Speed Over Ground (S0G)
|| Clean Number of Reparts Per MMSI

|| Remove Duplicate Entries
Remove Broadcast Data Without Static Records

Output Suffix:
32
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Tool Overview: @'i Clean

Clean Vessel Name Entries

Tool Description:
Vessel information such as the vessel name is specified by the vessel operator and
should correspond to the documented name of the craft.

User error may cause issues with the vessel name entry. This tool can identify and
remove records when the vessel name is empty, has multiple spaces, has special
(non-Latin) characters, or has a user-defined character included.

Applicable Datasets:
Vessel

Layer: Zone19_2009_06_Test.gdb\Vessel

(] Clean MMSI Length and Country Codes
[V] Clean Vessel Name Entries

@ She |V] Remove Empty Strings

| V| Remove Entries With Multiple Spaces

@Ej Anniyre [/] Remove Entries With Special Characters
— Remove Entries With User #

g Defined Characters

v Filter || Clean Vessel IMO Entries

l'ﬁ

|" | Clean Vessel Callsign Entries

S5 e
3{% Aggregate [ ] Clean Vessel Shiptype Entries

[ ] Clean Vessel Dimensions

= ES ["] Remove Inconsistent Static Data
(2| Heip =

Output Suffix:

33
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Tool Overview: %’(_ Clean

Clean IMO Entries

Tool Description:
Vessel information such as the International Maritime Organization (IMO) ship
identification number is specified by the vessel operator.

User error may cause issues with the IMO entry. This tool can identify if the IMO
entry is invalid and removes the noncompliant data.

Applicable Datasets:
Vessel

@ AIS Data Handler - Version 1.0 5

Layer: Zonel19 _2005_06_Test gdbiVessel -

@( Clean
— |:| Clean MMSI Length and Country Codes
[] Clean Vessel Mame Entries
@ e Clean Vessel IMO Entries
| | Clean Vessel Callsign Entries

@_EI Analyze [ ] Clean Vessel Shiptype Entries

| | Clean Vessel Dimensions

Y Filter [ | Remove Inconsistent Static Data

+
=¥ Aggregate

elp

Output Suffix:

AlS Data Handler Walk-Through
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Tool Overview: %ﬁ Clean

Clean Call Sign Entries

Tool Description:
Vessel information such as the call sign is specified by the vessel operator.

User error may cause issues with the call sign entry. This tool can identify and
remove invalid call sign entries using four criteria that can be selected by the user.

Applicable Datasets:
Vessel

Layer: Zone19_2009_06_Test.gdb\Vessel

@«_ Clean

[ ] Clean MMSI Length and Country Codes
|| Clean Vessel Name Entries

@ Shen [ "] Clean Vessel IMO Entries

[V] Clean Vessel Callsign Entries

Q_EI Analyze || Remove Leading Special Chracters

|| Remove Special Chracters Anywhere

|v| Remove Spaces In Callsign
Filter

'/ Remove Blanks and Zero Values

m || Clean Vessel Shiptype Entries
3s=ﬁ Aggregate \j Clean Vessel Dimensions

[”] Remove Inconsistent Static Data

~[2| Hew

AlS Data Handler Walk-Through
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Tool Overview:

Clean Shiptype Entries

Tool Description:

@i Clean

Vessel information such as the ship type are sent out with each report. This attribute

is particular to the vessel and should remain consistent throughout the voyage.

Inconsistent values for the ship type may indicate a larger problem in the data

associated with a particular vessel, since the information is expected to change very

infrequently. This tool removes data when the ship type is inconsistent.

Applicable Datasets:
Vessel

AlS Data Handler Walk-Through

Layer: Zone19_2009_06_Test.gdb\Vessel

e

] Clean MMSI Length and Country Codes

|| Clean Vessel Name Entries

["] Clean Vessel IMO Entries

£ e

|| Clean Vessel Callsign Entries

, Filter

[V] Clean Vessel Shiptype Entries
[v]| Remove Not Available Values
[v] Remove Future Use Values

[V Remove Regional Use Values

-+
—— Aggregate

| | Clean Vessel Dimensions

[~ Remove Inconsistent Static Data

Ei—, ? Help

Output Suffix:
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Tool Overview: %ﬁ Clean

Clean Vessel Dimensions

Tool Description:
Vessel information such as the vessel dimensions is defined by vessel operators sent
out with each static data report. Users can clean the vessel table based on vessel
dimensions by setting length and width thresholds.

Applicable Datasets:
Vessel

Layer: Zone19_2009_06_Test.gdb\Vessel

(] Clean MMSI Length and Country Codes

|| Clean Vessel Name Entries

[ "] Clean Vessel IMO Entries

|| Clean Vessel Callsign Entries

_|Glean Vessel Shiptype Entries

[v] Clean Vessel Dimensions
Minimum Width (m) 10
Maximum Width (m) 50

Minimum Length (m) 10
Maximum Length (m) 100

[ Remove Inconsistent Static Data

Output Suffix:
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Tool Overview: @’i Clean

Remove Inconsistent Static Data

Tool Description:
Vessel information such as MMSI, IMO, name, call sign, and dimensions are sent out
with each report. These types of data are particular to the vessel and should remain
consistent throughout the voyage.

Inconsistent values for these static parameters may indicate a larger problem in the
data associated with a particular vessel, since the information is expected to change
very infrequently. This tool removes data where this vessel information is

inconsistent. @ 215 Dote Fandler Vere
Layer: Zone19 _2009_06_Test gdblVessel
Appl ica ble Data sets: [] Clean MMSI Length and Country Codes
|| Clean Vessel Mame Entries
Vessel | | Clean Vessel IMO Entries

| | Clean Vessel Callsign Entries

| | Clean Vessel Shiptype Entries

[ ] Glean Vessel Dimensions

Remove Inconsistent Static Data

Output Suffix:
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@(_ Clean

Tool Overview:

Clean Voyage ETA and End Times

Tool Description:
Each vessel provides information on the expected time of arrival (ETA) to its

destination; voyage start and end times are estimated based on broadcast
destination changes.

The user may specify to limit the data based on the ETA and start or end times of the
voyage. By setting the early and late thresholds, uses can identify ships that arrive at
their destinations within a certain period of time from their ETA.

Ap pl icable Datasets: Layer: ] Zone19_2009_06_Test.gdbiVoyage
|:| Clean MMSI Length and Country Codes
Clean Voyage ETA and End Times

Voyage

Early Threshold (days) 1
Late Threshold (days) 1

|:| Clean Voyage Cargo Entries

Output Suffix:
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Tool Overview: @'ﬁ Clean

Clean Voyage Cargo Entries

Tool Description:
Each vessel provides information on the type of cargo that is being transported.

The user can eliminate all data that has non-valid or non-descriptive values for
voyage cargo using the following four criteria:

* No Additional Information Values

* Not Available Values
* Future Use Values _
e Re gional Use Values Layer: [E] Zone13_2009_06_Test gdbVoyage

[ ] Clean MMSI Length and Country Codes
["] Clean Voyage ETA and End Times

Applicable Datasets: [V] Clean Voyage Gargo Entries

|V] Remove Not Available Values
Voya ge || Remove Future Use Values

|v| Remove Regional Use Values
|v| Remove No Additional Information Values

—— Aggregate

’:i ’ Help

AlS Data Handler Walk-Through
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Query Toolbox (2 o

Because AIS datasets are typically very large, it can be beneficial to subset the feature
classes using varying techniques. This toolbox consists of four individual tools, each of which
can be applied to some or all portions of an individual dataset (i.e., Broadcast, Vessel, or
Voyage information). A query may be performed on the data to select values based on the
country of origin, the navigational status of the vessel, the vessel type, or the cargo type.

AIS Data Handler - Version |

Layer: |:| Zone19_2005_06_Test.gdb\Broadcast

[] Query by Country

[] Query by Status Type

AlS Data Handler Walk-Through

The query process will not
create a new dataset, nor will it
delete values; it will simply
select the entries that comply
with the requested criteria.

This process is equivalent to
using the definition query in
the ArcMap Layer Properties,
and these definition queries
can be viewed from the layer
properties dialog.
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Tool Overview: @ Query
Query by Country

Tool Description:
The purpose of this tool is to limit the selection to vessels from a specified country of
origin. A pop-up box appears when using this tool that enables the user to choose
which countries of origin to use in the selection.

Applicable Datasets:
Broadcast, Vessel, Voyage

i " Country Code Options

[ Tuvalu
[] Uganda (Republic of)
[] Ukraine
LTI [ United Arab Emirates
- No Countries Selected [ United Kingdom of Great Britain and Northern Ireland
United States of America
[~ Query by Status Type [ United States Virgin Islands
[ Uruguay (Eastern Republic of)
[] Vanuatu (Republic of)
[ Vatican City State
[] Venezuela (Belivarian Republic of)
[ Vietnam (Socialist Republic of)
[ Wallis and Futuna Islands
[ Yemen (Republic of)
[] Zambiz (Republic of)
[] Zimbabwe (Republic of)

Layer: [%*] Zone13_2009_06_Test.gdb'Broadcast

€| 1
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Tool Overview:

Query by Status Type

Tool Description:

@ Query

The purpose of this tool is to select broadcast points according to vessel status.
Users can select vessel statuses of interest using the Broadcast Status Options dialog.

Applicable Datasets:
Broadcast

47 Broadcast Status Opti

Layer: [%*] Zone13_2009_06_Test.gdb'Broadcast

["] Query by Country

Query by Status Type

AlS Data Handler Walk-Through

[ At Ancher

[ Mot Under Command

[ Restricted Maneuwverability

[7] Censtrained By Her Draught

[1] Mogred

[ Aground

[ Engaged In Fishing

[ Under ‘wWay Sailing

[7] Reserved For Future Amendment Of Navigational Status Fo
[] Reserved For Future Amendment Of Navigational Status Fo
[7] Reserved For Future Use

[ AIS-SART(active)

[ Mot Defined/Default

43



Tool Overview:
Query by Vessel Type

Tool Description:

The purpose of this tool is to select vessels based on vessel type. Users can select

@ Query

vessel types of interest using the Vessel Type Options dialog.

Applicable Datasets:
Vessel

7 Vessel Type Options

Layer: Zone13_2003_06_Test.gdbWessel

["] Query by Country

Query by Vessel Type

[ Mot Availzble
|| Reserved For Future Use
[RRYE]
[] Fishing
Towing
-
[] Engaged in dredging or underwater operations
[] Engaged in diving operations
|| Engaged in military operations
[ Sailing
["] Pleasure craft
[C] HSC
[ Pilot Vessel
[ Search and rescue vessels
[ Tugs
[ Port tenders
[ Vessels with anti-pellution facilities or equipment
4 [l | 3

-
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Tool Overview: @ Query
Query by Cargo Type

Tool Description:
The purpose of this tool is to select voyages based on cargo type. Users can select

cargos of interest using the Voyage Cargo Options dialog.

Applicable Datasets:
Voyage

— '. [T] Mot Available
Layer: Zone19_2009_06_Test.gdb'Voyage [ Reserved For Future Use

[¥] Carrying DH, HS or MP, IMO hazard or pollutant category A
|| Query by Country Carrying DH. HS or MP, IMO hazard or pollutant category B
Query by Cargo Type Carrying DH, HS or MP, IMO hazard or pollutant category C

- Carrying DH, HS or MP, IMD hazard or pollutant category D
[] Ne Additional Information

[] Reserved, for regional use

AlS Data Handler Walk-Through



Tool Overview: @ Query
Removing Queries

Tool Description:
Queries can be removed in two ways. Users can either click the Clear button or

uncheck the selected query and press the Query button.

Applicable Datasets:
Broadcast, Voyage, Vessel

— '. [T] Mot Available
Layer: Zone19_2009_06_Test.gdb'Voyage [ Reserved For Future Use

[¥] Carrying DH, HS or MP, IMO hazard or pollutant category A
|| Query by Country Carrying DH. HS or MP, IMO hazard or pollutant category B
Query by Cargo Type Carrying DH, HS or MP, IMO hazard or pollutant category C

- Carrying DH, HS or MP, IMD hazard or pollutant category D
[] Ne Additional Information

[] Reserved, for regional use

AlS Data Handler Walk-Through



Analyze Toolbox @ Analyze

This toolbox allows the user to analyze the vessel traffic in three modes. First, statistics can
be calculated on features, tables, and subsets of records. Second, vessel tracklines can be

created from the Broadcast records. Third, raster density maps can be created from either
the Broadcast or the trackline values.

The Analyze Toolbox also provides
an Area of Interest tool to select a

Area of focus area that the statistics, the
Interest tracklines, and density functions will

: | | operate within.

Statistics T;rce;?r?e

47
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Tool Overview: @_g Analyze
Area of Interest

The Area of Interest (AOI) function is part of the Analyze tools. It is best used after the
Broadcast records have been cleaned. An AOI will not limit the geographic extent of a
clean operation. It will act as an analysis mask and is respected by the following analysis
functions:

——

&({vidence ,,,,,
Proyidence v e T ¢
b, P

4 I S * Statistics — tabular and
MEd o Ch N A s graphical statistics for
orwic ' S\ WA e Jr 2 .
.o : ] | , A /“' : Broadcast points and tracks
ey - Mgk 5 / RHODE A~ AR /‘ 4
BESS y 2~  ISLAND ) N i : [Dukes®,
. < & S .“"" \\\\ o f Couhty % 4
9 ‘ ;!Je;“‘\\w\“:s;\;@ \\ N\ * Density — all options
<&
), A [.:"i * Tracks — create from all
/‘/ data options

\




Tool Overview:
Area of Interest

) anabee

Four options are provided to build an AOI for subsequent analyses:

AIS Data Handler - Versic

Area OF Interest | Statistics | Densty | Tracks |

i@ Default (input feature extents)
i) Map Extents (current view)

i) Draw AOI

(71 Layer Extents

Draw AOI Button

Clear AOI Button

AlS Data Handler Walk-Through

Input Feature Extents
Uses the extent of the input dataset
defined in other Analyze tabs.

Map Extents
Uses the current map extent within
ArcMap.

Draw AOI

Allows the drawing of a polygon directly
on the map. This AOI option can be
cleared by using the Clear AOI button.

Layer Extents

Uses the extent of any dataset that is
loaded into ArcMap.
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Tool Overview:
Statistics

Statistics can be generated for each data type
selected in the layer menu and for the area

defined in the Area of Interest tab.

Depending on the user settings, graphical or
tabular results can be generated as shown
below. For both types of information, the data
can be saved to a CSV file by pressing the Save

button on the lower right-hand side.

Graphical Result

AIS Data Handler - Ver

Area Of Interest " Statistics | Densty | Tracks |

@ Tabular Results

Layer: [-] Zone19_2008_06_Test.gdb\Broadcast

() Graphical Results

Average Speed Value

|| Awerage Vessel Length
|| Awerage Vessel Width

[ | Average Draught

Count Position Points
GountVoyege Inechs

Totzl Distance

[ List Vessel Types
["] List Voyage Carges
List Status

Tabular Result

= [~
@ Analysis Results @ #.nalysis Results
Eroadcast ]
= Broadcast
Status Distribution rarcas
& 7z Field Zonel9_2009_10 gdbhBroadcast
g0 Average Speed 10.42
2 25
=0 a Pasition Paoints 48638
1 1 1 1
Restricted maneuverability Under wary sailing Under wary using engine .
Mot-Defined At anchor Moored Status: At anchor 4598 %
Status Distribution
. E4
30G Status: Moored 0.57
T Statuz: Mot-Defined 411 %
20000 Status: Festricted maneuverability 082%
s 5 1019 2029 3039 40l49 50.74 75.99 =100 Status: Under way using engine B3 %
Speed Cwver Ground (knots)
Save Close ’ Save I [ Cloge ]
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Statistics Available by Data Type @ nakze

Statistic

Value (Tabular)

Broadcast Count Position Points X

Average Speed Value X X
Speed Distribution X

List of Statuses X X

Vessel Average Vessel Length X
Vessel Length Distribution X

Average Vessel Width X
Vessel Width Distribution X

List of Vessel Types X X

Voyage Average Vessel Draught X
Vessel Draught Distribution X

List of Voyage Cargos X X

Tracks (this data Count Voyage Tracks X

type can be Average Vessel Draught X

created with the

Analyze Tools) Vessel Draught Distribution X

Total Distance X
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Tool Overview: @ Analyze

Density

The purpose of this tool is to generate a raster-based density map. The following
information must be provided:

Layer Select the Broadcast or Tracks input layer from the geodatabase.

Population Field This option can be used to add a weighted factor to the broadcast points
or vessel tracks. Users can add fields defining these weights to the
feature class attribute table and then set one of those fields as the
Population Field. Setting a Population Field of “none” will ensure that no
weighting factor is used.

Density Type Point/Line: Density calculated within a neighborhood around each raster
cell center; the number of points that fall within the neighborhood is
totaled and divided by the area of the neighborhood.

Kernel: Density is calculated using a neighborhood function that spreads
the value of each point over the given radius according to a quadratic
formulation.

Note: Spatial Analyst must be installed and enabled to use this tool.
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Tool Overview: @ Analyze

Density

Analysis Radius The search radius with which to calculate density.

Output Cell Size The cell size desired in the output raster dataset.

Density Units Option to calculate the density units in terms of number per square
kilometer or per square mile.

Base Name Suffix assigned to input file name to identify the output file.

Analysis Spatial A user-defined spatial reference for the density tool calculation. The

Reference default is “World_Mercator.”

The user can also decide whether to have the output projected into the
same coordinate system as the input file or into the coordinate system as
defined for the density analysis.

Note: Spatial Analyst must be installed and enabled to be able to use this tool.
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Tool Overview:
Density

Example of Density Inputs for Broadcast Points

-
&% AIS Data Handler - Version 1.0

—

|| statistics /" Densty | Tracks |

Input Features

Layer:

Zone19_2009_06_Test.gdb\Broat

Population Fiemluune

)

Density Type
| Point/Line -|

Analyziz Spatial Reference

World_Mercator

@ Output same as input
= coordinate system

= QOutput same as analysis
“~ coordinate system

COutput Parameters
Cell Size:

1000 Meter
Analysis Radius

2 Celis -
Density Units:

[per square km v]

Base Mame

DensityLn

AIS Data Handler Walk-Through

Analyze
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Tool Overview:
Density

Example of Density Output from Broadcast Points

Analyze

Q) Untited - ArcMiap - Arcview I (=[O [
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows EDC Qilmap Airmap Oilmapland Help
DegEs X |® o b 1752 - EEERD 0000 = SEM, - i | B
[ETTGW | Help~ _ © Drawing~ K (=) 25| [~ A ~ 0] Aial v10 vB I U A-H- B .
a Table Of Contents ®x @
Q %8s 8| z
1
o[22 s g
= |3 e\GISData_General\AIS\CoastGuardDemo\SampleFGD g
) ERC] Brosdcast 506 Pts3 =
¥ Value =i
s ™ High :100.108 &
L] - %
L o
& Low:0 |S
= [ Broadcast_SOG
19 - .
= [ Broadcast_Tracks
=) Broadcast_Tracks_Tracks
L3 Value
™ High:100.108
@ )
-
Low:0
>
laad
M
]
[}
XY
"
< [ » g|eu: m | »
-71.684 41.871 Decimal Degrees

AIS Data Handler Walk-Through
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Tool Overview: Analyze
Density

Example of Density Inputs for Tracks

i
@ AIS Data Handler - Version 1.0 [
At ity -t |oliiite

Input Features
Layer: Zone18_2009_06_Test.gdb\Broa:
Population Field’Hune v]
Density Type COutput Parameters
| Boint/Line - | Cell Size:

1000 Meter

Analyziz Spatial Reference Analysis Radius

World_Mercator 3 | Celis - |

Output same as input Density Units:
.

coordinate system [per square km v]
& Output same as analysis Base Mame

coordinate system DensityLn

(cacase) ||
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Tool Overview: =| Analyze
Density

Example of Density Output from Tracks

Q) Untited - ArcMiap - Arcvie I T - e =
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows EDC Oilmap Airmap Oilmapland Help
DBES 5B x| (b [17m2 2 EEEE0 R 000® s SEM i H N SN i Eam CEab,
[ETSW Help~ _  Drawing~ K () #0 [- A - /= 0) Al >0 -lB1ulA-D-2-2-H
kﬂ TableOfContents rx ‘l
= .@@ 8 3 z
= =
o[22 s =
= |3 e\GISData_General\AIS\CoastGuardDemo\SampleFGD §
Q ERE] Broadcast SOG Pis3
¥ Value f—
s ™ High:100.108 &
"2 &
LR 91
% Low:0 5,
5 [ Broadcast SOG
i - B
4 = [ Broadcast_Tracks
=] Broadcast_Tracks_Tracks
L3 Value
™ High :100.108
@
Low:0
>
[F)
]
@
XY
¥
< [0 V@B | 2 e o« 1 | »
-71.61 41618 Decimal Degrees

AIS Data Handler Walk-Through



Tool Overview:
Tracks

@i' Clean

 AeaOfinterest | Statistics | Densty” Tracks |

o

Layer: D Zone19_200S_06_Test.gdb\Broadcast

v

Y Filter

~ Ly .‘ +
- Aggregate

2] v

[¥] Create Vloyage Tracks

@ Create Tracks From All Data Points in AOI
("1 Create Tracks Based on Time Interval

Time Interval 0|!seconds
') Create Tracks Using Purposeful Motion

Initial SOG 0

End SOG 0

End Time (seconds) 0]

'End Gap (seconds) 0|

e : n
U

AlS Data Handler Walk-Through

Output Suffix:

@E Analyze

The purpose of this tool is to generate tracklines from Broadcast points. Vessel tracklines
can be easier and faster to display then Broadcast points and can result in higher quality

density analysis than with Broadcast points. In conjunction with the cleaning and filtering
tools, smooth and logical vessel tracklines can be created from the AlS data.

58



Tool Overview: @ Analyze

Tracks
Options for the Creation of Tracks

1. Create Tracks from All Data Points

Input Data: feature class containing position reports and maximum
time allowed between sequential track points. Broadcast points will be
linked into tracklines using VoyagelD and the time between points. If
the time between points exceeds the threshold set, a new trackline will
be generated. A threshold setting of 60 minutes is recommended.

2. Create Tracks Based on Time Interval

Input Data: feature class containing position reports and user-defined

time interval. Tracks will be created using a position report’s MMSI and
time stamp.



Tool Overview: @ Analyze

Tracks

3. Create Tracks Using Purposeful Motion (Calder and Schwehr 2009).

Input Data: feature class containing position reports and user-defined speed and
timing thresholds. Tracks will be created based on vessel’'s MMSI, speeds, and
time between broadcasts.

Processing: Five thresholds are used to initiate and end voyages. When the
speed over ground (SOG) is greater than the (1) /nitial SOG threshold, a transit is
started. If the SOG falls below the (2) End SOG threshold for a length of time
longer than the (3) End Time threshold, voyages are considered over. Voyages
are also considered over if the (4) End Gap threshold is exceeded, and once a set
of voyages is produced, the (5) Minimum Positions threshold is used to eliminate
those voyages made up of a small number of position reports.

Recommended Values:

Initial SOG: 0.5 knots

End SOG: 0.2 knots

End Time: 300 seconds (5 minutes)
End Gap: 600 seconds (10 minutes)



Analyze

Tool Overview:
Tracks

Example of Creating Tracklines from Point Data for a Single Vessel

andwich Last Sandwich

E-.—-A-'N

Waest Barnitatie

T———T. 7

Wegr Senitable. . Barnstable

Barnstable g
: S L

Townof | L.~ ,\c"‘m.

[ Cancaronis T8 yalnts Yarmiouth. =
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Filter Toolbox Y -

The filter toolbox contains two tools that enable the user to remove outlier positions. This
results in more realistic ship tracks by removing points that clearly should not be associated
with a given track. Each point associated with a voyage can be tested to see if the distance

between points exceeds a user-defined value. The filter tools can also be used to smooth
existing tracklines.

AIS Data Handler - Version 1.

Layer: |:| Zone19_2005_06_Test.gdb\Broadcast

|:| Filter positions by maximum distance

Smooth Voyage dracks

Output Suffia:
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Tool Overview: Y Filter
Filter positions by maximum distance

Tool Description: Use this to specify a maximum distance between Broadcast points that
are associated with a specific voyage.

The only information that needs to be input for this tool is the maximum allowable
distance between points.

Applicable Datasets:
Broadcast '@ 15 Deta Handier Version 1

Layer: [%*] Zone19_2009_06_Test.gdb'Broadeast

Filter positions by maximum distance

Maximum Distance (km) 5-|

Smooth Voyage dracks

Output Suffixc:
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Tool Overview: Y Filter
Smooth Voyage Tracks

Tool Description: This tool provides capabilities to smooth voyage tracks that have
already been created using the Analyze toolbox.

Two methods of smoothing are enabled within this tool, as described below:
PAEK: uses a parametric continuous averaging technique to smooth the tracklines.
When using the PAEK smoothing, a tolerance must be defined, which is the length of
a moving path along the line segments which is used in the smoothing algorithm.

Bezier Interpolation: fits Bezier curves through each line segment such that all
vertices are maintained. No tolerance setting is required.

Two additional pieces of information may also be input into the tool. The first keeps the
endpoints in fixed positions (i.e., not re-interpolating the start and end positions).
Additionally, the tool can flag potential topological errors.

Applicable Datasets:
Tracks



Tool Overview:

Y Filter

Smooth Voyage Tracks

Example of Smoothing Techniques

PAEK

Source: ArcGIS Desktop Help Online

AlS Data Handler Walk-Through

Bezier Interpolation

ORIGINAL
——— SMOOTHED
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Tool Overview:
Smooth Voyage Tracks

Smoothing of Actual Voyage Track

PAEK BEZIER Interpolation

66
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+
Agg regate Toolbox % Agaregate

The processing and analysis of the AIS data may result in a collection of individual data
products that span a large geographic area or time frame. This tool is specifically designed

to aggregate these multiple AIS products into one dataset. This new dataset can then be
further processed using other tools in the AIS Data Handler.

AIS Data Handl File Geodatabase of Sources

to Merge

[ Zone19_2005_01.gdt = [ Zone18_2009_01.gdt =

] Broadcast ] Broadcast -
=5| Vezzel E5| Vezzel . .

Individual Datasets to
Vaoyage Voyage —

BaseStations BaseStations M € rge

AtributelInits Attributellnits

Output
Destination

— > Output Destination Folder

Name of Geodatabase to Create
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AIS Pre-Processing Tools
(for advanced users)

Preparing raw AIS data in the National Marine Electronics Association (NMEA)
format for use in the AIS Data Handler is a two-step process. Records must first be
filtered and then translated.

Filtering AIS data reduces the position message frequency from 3 to 8 seconds
down to a user-defined frequency.

The AIS pre-processing tools contain an executable file called AlISFilter that can be
used to filter raw AIS data.

See Appendix A for a flow chart of the filter logic.

Translating the filtered NMEA data into the File Geodatabase (FGDB) requires
several of the AIS messages and results in a new set of records based on the data
model described earlier in this tutorial.

The AIS pre-processing tools contain an ArcMap add-in called ConvertAISToFGDB
to convert raw AIS data into a FGDB format.



AIS Pre-Processing Tools
Installation

Step 1. Download and the AIS pre-processing tools from the AIS Data Handler website,
(http://marinecadastre.gov/ais/addin.php); save to the ArcGIS \\Bin\AddIns folder.

Step 2. Navigate to the ArcGIS \\Bin\AddIns folder and unzip AISPreprocessingTools.zip

Note: Use of AISFilter.exe (for filtering raw AlS data) does not require any further
installation. Instructions for use of AlSFilter.exe are provided in a following slide.

Step 3. Double-click ConvertAISToFGDB.exe; click Next button and then the
Finish button.

Step 4. Open ArcMap and add the ConvertAISToFGDB tool to an ArcMap toolbar using
the Customize dialog and instructions provided earlier in this tutorial.



AIS Pre-Processing Tools
Filtering with AISFilter.exe

Parameters:

Input directory containing raw data files

File name pattern (to specify a subset of input files if desired)
Output directory with file name prefix

Filter interval in seconds

Comma-delimited list of UTM zones



AIS Pre-Processing Tools
Filtering with AISFilter.exe

Sample .bat file

“C:\Program Files (x86)\ArcGIS\Desktop10.0\Bin\Add-Ins\ ConvertAISToFGDB
\AISFilter.exe"

E:\GISData_General\AIS\SampleRawNMEA 2009 06*.txt
E:\GISData_General\AIS\Test\June 60 1,2

rem E:\GISData_General\AIS\SampleRawNMEA //Input directory containing raw data files
rem 2009 _06*.txt //file name pattern - used to specify a subset of the input files
rem E:\GISData_General\AIS\Test\June //output directory with file name prefix
rem 60 //filter interval in seconds

rem 1,2 //comma delimited list of UTM zone



AIS Pre-Processing Tools
Converting to FGDB

To convert from raw AIS data format to FGDB:

1.  Click the ConvertAlISToFGDB button in ArcMap.

2. Browse to the directory of AlS files.

3.  Click OK.

4.  The ConvertAISToFGDB add-in will automatically convert each input file to an

individual FGDB following the data model described above.



AIS Processing Tips and Troubleshooting

Make sure to select the correct input table for each Clean function; selecting a Broadcast
feature class to clean a vessel record requires the function to unnecessarily traverse the
relationship classes, which is time intensive.

The Input Layer field has a fixed field length for display, long file names may make it difficult
to use.

Triggering the Clear Query function will clear the query; it does not remove the check from
the query list of options that would effect future queries.

After clearing a Query, toggle the draw button in the ArcMap table of contents to refresh
your view.

Smoothing tracklines relies on a map unit value; consider working in projected coordinates.

To build your own relationship classes between the Broadcast, Vessel, and Voyage tables, use
ArcToolbox > Data Management Tools > Relationship Classes > Create Relationship Class.



AIS Processing Tips and Troubleshooting

Correct relationship class settings can be found by reading the property values in one of the
original relationship classes.

When removing a large number of records from a feature class, ArcGIS may leave behind
orphan empty records. The new feature class will function, but it will retain the overall file
size of the original. Exporting the new feature class to a new FGDB will remove the
orphan records.

The Filter Positions by Maximum Distance function is intended to remove outliers. If a voyage
has a significant break in its broadcast records, the later records may be removed with this
filter.

To improve performance, always include in the table of contents the tables needed for each
process.

If the add-in does not appear in the Customize > Customize Mode > Commands listing in
ArcMap, double-click the “AlSDataHandler.esriAddIn” file in the ArcGIS install directory under
Desktop > AlSDataHandler.



Appendix A: NMEA Filter Logic
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Appendix B: Miami Sample Data

Specifications and example processing times

January 1-31 2009
Approximately 750 square miles
33 MB

1,365,578 Broadcast records
188,583 Voyage records
2,584 Vessel records

802 unique MMSIs in the Broadcast records
31 unique MMSIs in Vessel records with 2,550 null values
2,141 unique MMSIs in the Voyage records (17,833 with 0 values and 1,448 with 999999999 values)

1,444 unique VoyagelDs in the Broadcast records
157,015 unique VoyagelDs in Voyage records with 5,020 null values

Clean for MMSI length and valid country codes: 15 minutes (reduced to:1,333,431 records)

Clean to remove <1 knot records: 13 minutes (reduced to 192,062 records)
Analyze>Statistics>List Vessel Types in Vessel: under 1 minute

Analyze>Statistics>List Voyage Cargos in Voyage: under 1 minute

Analyze>Statistics>Average Draught in Voyage: under 1 minute

Analyze to build tracks from all data using a 60 minute maximum gap: 1 minute (2,318 new tracks)
Analyze>Statistics>Sum Distance using Tracks: under 1 minute (583 degree units)
Analyze>Statistics>Density using Tracks: under 1 minute
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